Objective: To define brain activity corresponding to an auditory illusion of 3 and 6 Hz binaural beats in 250 Hz or 1000 Hz base frequencies, and compare it to the sound onset response. Methods: Event-Related Potentials (ERPs) were recorded in response to unmodulated tones of 250 or 1000 Hz to one ear and 3 or 6 Hz higher to the other, creating an illusion of amplitude modulations (beats) of 3 Hz and 6 Hz, in base frequencies of 250 Hz and 1000 Hz. Tones were 2000 ms in duration and presented with approximately 1 s intervals. Latency, amplitude and source current density estimates of ERP components to tone onset and subsequent beats-evoked oscillations were determined and compared across beat frequencies with both base frequencies. Results: All stimuli evoked tone-onset P 50 , N 100 and P 200 components followed by oscillations corresponding to the beat frequency, and a subsequent tone-offset complex. Beats-evoked oscillations were higher in amplitude with the low base frequency and to the low beat frequency. Sources of the beats-evoked oscillations across all stimulus conditions located mostly to left lateral and inferior temporal lobe areas in all stimulus conditions. Onset-evoked components were not different across stimulus conditions; P 50 had significantly different sources than the beats-evoked oscillations; and N 100 and P 200 sources located to the same temporal lobe regions as beats-evoked oscillations, but were bilateral and also included frontal and parietal contributions. Conclusions: Neural activity with slightly different volley frequencies from left and right ear converges and interacts in the central auditory brainstem pathways to generate beats of neural activity to modulate activities in the left temporal lobe, giving rise to the illusion of binaural beats. Cortical potentials recorded to binaural beats are distinct from onset responses. Significance: Brain activity corresponding to an auditory illusion of low frequency beats can be recorded from the scalp.
1. Introduction
Binaural beats
When two sinusoids with slightly different frequencies are superimposed, their interference results in periodic amplitude fluctuations whose frequency corresponds to the frequency difference between the sinusoids. When sound with slightly different frequencies is mixed in the same ear, the fluctuations in the intensity of the sound are perceived as beats, reflecting the acoustic properties of the stimulus and are thus called acoustic beats. When a tone of one frequency and steady intensity is presented to one ear and a slightly different frequency is presented to the other ear, a perception of beats is experienced, with a beat frequency corresponding to the frequency difference between the two ears. These beats do not reflect a physical property of the sound, but probably the convergence of neural activity from the two ears in the central binaural auditory pathways of the brain. The intensity changes in the perceived sound are therefore called ''binaural beats". Binaural beats are present when the disparate frequencies to the two ears are low, and beats are difficult to hear at frequencies above 1000 Hz (Licklider et al., 1950) .
The most widely accepted physiological explanation for binaural beats suggests that discharges of neurons that preserve phase information of the sound in each ear according to the volley principle (Rose et al., 1968; Palmer and Russel, 1986; Goldberg and Brownell, 1973) converge on binaurally-activated neurons in the ascending auditory pathway (Kuwada et al., 1979; McAlpine et al., 1996 McAlpine et al., , 1998 Spitzer and Semple, 1998 ) that, in turn, generate
